Advances in anatomic understanding are frequently the basis upon which surgical techniques are advanced and refined. Recent anatomic studies of the superficial tissues of the face have led to an increased understanding of the compartmentalized nature of the subcutaneous fat. This report provides a review of the locations and characteristics of the facial fat compartments and provides examples of how this knowledge can be used clinically, specifically with regard to soft tissue fillers.
Over the past 50 years, the average life expectancy for persons residing in the United States has increased by approximately 10 years. 1 As a result, today's plastic surgeon is experiencing an increase in the demand for facial rejuvenation procedures among this expanding demographic. Between 1992 and 2008, performance of the rhytidectomy increased by 68%. 2 Concurrent with these trends has been a strong and steady movement toward minimally invasive procedures. The use of Botox (botulinum toxin, Allergan, Irvine, CA), laser skin resurfacing, and soft-tissue fillers rose by 537%, 134%, and 144% between 2000 and 2008, respectively. 2 The result of these two trends is that minimally invasive facial rejuvenative procedures are becoming ubiquitous in the field of aesthetic plastic surgery.
Rhytidectomy has undergone a multitude of advancements since its inception in the early 20th century. These changes have paralleled the increased understanding of the anatomy of facial structures. 3, 4 From simple skin excision to subcutaneous, sub-SMAS (superficial muscular aponeurotic system), deep plane, and compo-site dissection, the evolution of the rhytidectomy technique is a testament to the importance of detailed anatomic knowledge in the development and advancement of surgical technique. [5] [6] [7] A major advancement that has contributed to the current state of the rhytidectomy is the knowledge that the face does not age as one homogenous object but as many dynamic compartments, which need to be evaluated, augmented, and modified as such. 8 Obviously, future advancements in facial rejuvenation will be hallmarked by simultaneous progress in the understanding of facial anatomy. Recent landmark studies have determined that not only are the deep facial structures compartmentalized, but the superficial, subcutaneous tissues are as well. The superficial fat compartments are separated by fascial septae, which are nothing but abutments of the fascia that retain these compartments. [9] [10] [11] Just as knowledge of the nature of deep facial structures molded the techniques of rhytidectomy, the new understanding of the subcutaneous tissue of the face should lead to improvements in rejuvenation techniques that focus on the skin and superficial tissue, namely the ''minimally invasive'' injection of fillers and autologous fat. The goal of this report is to present a summary of the recent advancements in understanding of the fat compartments of the face and to highlight the need for further studies that will shed light on how this knowledge can be applied to minimally invasive facial rejuvenation procedures. , produced 37 articles, 11 of which discussed the specific anatomy of facial fat compartments. All articles of interest were reviewed to examine their anatomic findings and discussions. Additional reports were encountered in the discussions of the gathered articles that were also of relevance to the study but were not found during the literature search due to differing nomenclature.
METHODS

Strategy for
Strategy for Article Selection
Articles included were those that used cadaver or in vivo dye injections or dissection techniques to explore one or more facial fat component. Articles that did not collect data in these manners were not included. Only articles published in journals written in the English language were included.
RESULTS
Forehead
In 2007, Rohrich et al determined, via dye injection in cadaver heads, that there are three fat compartments of the forehead. The central compartment is located in the midline and extends inferiorly to the nasal dorsum and laterally to a border that they refer to as the ''central temporal septum.'' Moss et al describe the location of the middle fat compartments as just lateral to the ''central temporal septum,'' inferior to the orbicularis retaining ligament (ORL), and lateral to the superior temporal septum. 13 The lateral-temporal fat compartment is located adjacent to the superior temporal septum and is contiguous and confluent with the lateral subcutaneous cheek fat and subcutaneous cervical fat. 12 Upper and Lower Eyelids (Postseptal, Prelevator Muscle) In 1951, Castanares provided the first documented description of the intraorbital fat compartments: two superiorly and three inferiorly. 14 In 1977, Barker presented a case series in which he performed in vivo dye injections in patients undergoing upper eyelid blepharoplasty and confirmed that the eyelid fat was compartmentalized into medial and lateral, nonconfluent compartments. 15 In 1988, Gradinger described a third fat compartment in the upper eyelid, which was noted in patients who presented for secondary blepharoplasty with a prominent lateral bulge. 16 In 1991, Niechajev and Ljungqvist confirmed the finding of a third upper eyelid compartment in a similar population of patients who presented for revisional blepharoplasty. 17 More recently, in 1997, Ullmann et al performed cadaveric dissections and grossly identified a third compartment in all of the cadavers dissected. Notably, the third compartment was in close proximity and sometimes attached to the medial fat compartment in its posterior extension. Although the degree of separation of these two compartments varied between cadavers, two distinct compartments were visualized on histologic examination in all of the cadavers. 18 
Subcutaneous Periorbital Area
In their 2007 cadaveric study, Rohrich et al found three subcutaneous compartments located around the periphery of the eye. The superior compartment is bounded inferiorly by the ORL and extends medially and laterally to the medial and lateral canthi, respectively. The inferior compartment is bounded superiorly by the insertion of the orbital septum into the inferior lid tarsus and inferiorly by the ORL; it extends in an arc from its origin along the orbital rim, where it then inserts into the dermis and is further bounded by the medial and lateral canthi at its medial-and lateral-most aspects, respectively. The lateral compartment is bounded superiorly by the inferior temporal septum and inferiorly by the septum that is referred to as the ''superior cheek septum.'' Notably, the zygomaticus major (ZM) muscle is attached to this fat compartment. 12 
Superficial Cheek
In their 2007 study, Rohrich et al injected dye into cadaveric heads and determined that there are four superficial fat compartments in the cheek area: nasolabial, medial, middle, and lateral-temporal. The nasolabial fat compartment is bounded medially by the nasolabial crease and is reported to be bounded superiorly by the ORL. The ZM muscle also adheres to this compartment. Notably, the volume of this compartment was reported to be consistent across cadavers. The medial fat compartment is located just lateral to the nasolabial fat (described earlier) and is bounded superiorly by the ORL and laterally by the subcutaneous periorbital compartment and inferiorly by the jowl fat. The middle is located just lateral to the medial compartment, anterior and superficial to the parotid gland, and extends laterally to what can be referred to as the ''lateral cheek septum'' (Fig. 1) . Notably, the ZM is adherent to this compartment as well, in the form of the well-known zygomatic ligament. The lateral-temporal is the most lateral cheek compartment, is located immediately superficial to parotid, and, as previously described, connects the lateral forehead fat to the subcutaneous cervical fat. 12 
Deep Cheek
In 2008, Rohrich et al discovered the deep medial cheek fat compartment that is located just medial to the buccal fat pad and ZM muscle. The compartment is bounded medially by the pyriform ligament of the nasal base, superiorly by the ORL, and lies just deep to the orbicularis oculi muscle. The compartment is distinct from the sub-orbicular's oculi fat SOOF and abuts the superior sub-orbicularis oris fat inferiorly. A portion of the compartment surrounds the levator anguli oris muscle. The compartment is located just deep to both the medial and middle superficial cheek compartments. The compartment extends posteriorly to the maxillary periosteum but leaves a potential space that is referred to as Ristow's space. 19 Further dissections found that the deep medial cheek fat compartment can also be seen as two distinct compartments: one that abuts the pyriform membrane (medially), and the other that surrounds the levator anguli and is adjacent to the buccal fat (laterally). 19 
Perioral Area
In two individual case series of cadaver dissections Rohrich et al identified a deep fat compartment of both the upper and lower lips that is located deep to the orbicularis oris muscle. The orbicularis oris muscle inserts into the dermis at the wet-dry border, and the deep perioral fat compartments are located immediately posterior to this insertion. 20 
Jawline
In 2008, Reece et al found that the jowl is formed by the deflation or descent of two fat compartments that line the jaw. These fat compartments were labeled the superior and inferior jowl fat compartments. These are distinctly highlighted by methylene blue dye injection, and they are noted to be bounded medially by the labiomandibular crease, where the lip depressors such as the depressor anguli oris insert. Interestingly, these fat compartments share an inferior border at the mandible where membranous fusion of the platysma occurs. 21 This is now known as the mandibular septum (previously recognized as the mandibular retaining ligament by Furnas).
Chin
In 2009, Rohrich et al found a deep chin fat compartment located deep to the mentalis muscle and spanning the border of the lower lip. Notably, this compartment is located on either side of the midline, over which it was not confluent. This compartment is distinct from the suborbicularis oris fat compartment that lies superiorly. 20 
DISCUSSION
As people age, many are left with the feeling that their physical appearance is no longer an accurate representation of their mental state, leaving them with the desire for facial rejuvenation, or ''matching their outsides with their insides.'' The face, like other parts of the body, ages in a unique but relatively consistent manner, creating a distinct and easily recognizable ''aged'' appearance. 4 The typical aged face probably represents a combination of changes on many levels, including changes in bony structures, fat volume, muscle and ligament strength, skin properties, and vascularity. Many verbs have been used to describe the underlying mechanical changes with aging, including deflation, attenuation, ''doubling over,'' radial expansion, and rotation. [21] [22] [23] [24] In a landmark article in 1965, Gonzalez-Ulloa and Flores describe the process of aging as resulting from the gradual absorption of fat, decreased thickness and elasticity of skin, decreased adherence between the skin and subcutaneous tissue, sagging of the soft tissues, weakening of the orbital muscle and septae, and the progressive decrease in the volume of the craniofacial skeleton. 25 A recent study by Guyuron et al highlights the importance of environmental factors in the aging process by analyzing identical twins that led different lifestyles. Smoking and sun exposure were significantly associated with an older appearance, and the use of hormone replacement therapy was associated with a younger appearance. Interestingly, a higher body mass index (BMI) correlated with an older appearance up to age 40, after which it was associated with a younger appearance. This fact highlights the importance of adipose tissue in the aged appearance. 26 Knowledge of the subcutaneous, superficial structure of the face has not yet been utilized in an extensive way in the field of minimally invasive facial rejuvenation. Lasers, chemical peels, and injectable fillers are typically used either diffusely over the face or over specific regions of concern that are visible to the naked eye, such as rhytides and areas of hyperpigmentation.
A specific example of how knowledge of the superficial structures of the face can augment current minimally invasive procedures is suggested by Rohrich et al in their study of perioral fat compartments. 20 Rohrich et al suggest that the typical ''overfilled'' and undesirable appearance of the lips after the injection of fillers is due to a lack of understanding of the compartmentalized nature of the lips. Currently, the established area for injection of fillers in the lip is the vermillioncutaneous border in a vertical direction, which places the filler into the superficial compartment of the lip, which is anterior to the orbicularis oris muscle. They suggest, based on the results of their cadaveric studies, that if fillers are injected in a posterior direction, the filler will enter the deeper lip compartment, which is posterior to the orbicularis oris muscle, and will provide a less ''overfilled'' appearance, cause the lip to evert slightly, and cause increased show of the wet-dry junction, which are all signs of a youthful lip (Fig. 2) .
Another example of a potential change in minimally invasive procedures was demonstrated in the study of the deep medial fat compartment of the cheek by Rohrich et al. 19 When saline was injected into the deep medial fat compartment, as opposed to superficially in the area of the nasolabial fold, numerous changes occurred, including an increase in anterior projection of the midface, flattening of the nasojugal and nasolabial creases, and an overall improved appearance of the malar region. These changes, all brought about by manipulation of one fat compartment, highlight the dynamic nature of the aging face.
A major limitation that is present in all of the studies presented is the lack of longitudinality. Longitudinal studies that quantify the changes in each facial compartment relative to each other over time will shed light on which individual compartments can be targeted in facial rejuvenation. Eventually, as longitudinal studies are undertaken, we will know more regarding the dynamic changes that occur within and between each fat compartment with aging. Until that point, care should be taken to analyze the aging face not only by the overall appearance of the subcutaneous fat but also based on the anatomic map of the subcutaneous fat compartments.
CONCLUSION
The recent anatomic literature surrounding the concept of fat compartments of the face is reviewed, and a global understanding of their anatomy is given. Just as previous advances in facial anatomy served as the foundation for more aggressive and long-lasting face-lift techniques, the authors posit that this new conceptual understanding of the facial fat will lead to new and improved methods of autologous fat injection. These fat compartments may serve as the ''GPS'' for the injection of facial fillers. Future studies at our institution will focus on the effect of fillers on the fat compartments and the visual changes created by their augmentation. 
